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Tht ±evelopont of space flight capability provides new approaches to

some of the fundamntal problems in biological science. Saliently, spece

penetration mot only supplies the facility t-a studv terrestrial life forms

in radically different ernvirozents, but also presents the fascinating

pose ibility of the enccomter of nov-terrestrial life forms which my be

studied in their native "nd other enviroinents. Such penetration4 afford

revolutionary means for increasing understanding of the nature of the life

process, hov it originated, it evolves and functions, &ad vwt form

it my asume under widely different envirocmental condltion.

s8e of the specific questions which may be exmined an a result Of

space flight capability include Bioaenesis: Whether life originated on the

earth, vbether it originated independently on other plszets, or whetr it

may have migrated from planet to planet as suggested in the pan]perMia hr-

pothesis. Parablology: Assuing indigenous life forms are encuntersd on

other planets, their degree of organization, their evolutionary history,

their structure and chemistry related to their autecology, the functionig

of their virginal ecological ccalex a, and finally their Interactions Vith

terrestrial life. Gevfralized ZcolOEY: The behavior of terrestrial Orgn-

!s In alien environments, physical limits to their survival, and the ap-

p#earwme of possible new ecological parameters and their effects. Inter-

pIaz~*tary Biauiigratin Viable micro-organismi being transported from

planet to planet by natural forces and the Intentilcal and/or inadyertet

transport of micro-orgwani• by artificial mean.

Although it my be many years before studies such as these can be

Tbrougbout this paper the term miiro-organi is used to refer to ow7

terrestrial viable particle, as opposed to the ame ge•al term bion which

is used for the corresponding perr-biological entity.
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cr1eseful.Y pursued, some preliminsia exiperimerts and precautions, as vii1

be proposed Ln this paper, should be urniexIA-akn in thbe imediate future

with existing sate*llte and wpae fligzt oapabilitlea in orer that the

oppoz-tamities for these future basic studie-. wt be obliterated.

Aomg Un earliest ideas on Interplanetary bimaigration were the prO-

posais of Saleseý)uya de %mttirvault in 1&1 that life on earth orginated

f,A= seeds feling frrcu the mom. In 1865 R. E. Richter(l) trpothesized

that life bau existed in the universe as long as mt~tr has existed and

that space is fIlled vith basic life particles. Whn ome of thease parti-

cles, such as a spore, falls on a planet with favorable manviza.L coo

ditiaw, the planet vrld in tim be coerred vith a large mm*r of sutae-

bly adapted hier life form, thus combining the theories of evolution

and panepni. Others who speculated concerning the panmpetuia bypothnsis

wr Lard [alvin (WalJIm Thaiec) in 1871, Ferdinand Cohm 1872, arM H. v.

biioltz in 1.k. (2) But t mt ezt~a' eon-trbu,- to tkw bypotb-

esti vea 8. Arrbenlua(3) vho made quantitative estimates of time required

for spores to traverse and interstllar vpace propelled by

radiation pressure and dis••soed survival prothilitles of orpniin u$.er

space ecoditions. Ls reecent years little that can be consldared new has

been contributed to interplanetary bioigration e•ept the experlanta of

Lln (14) att~t ing to detwuine the biopboretic proportioe of mteorites.

The beet inrent evaluation of the pansperwda bypotb*sLi is probably that

of Operin. (5

With the advent of modern occpts on the sothesis of nmcrlecules

and t]e origin of life, the pauspara bqpothesis vas condeime to obscurity

by experimnteIly acceptable tb-oriees of biogenesi. Nmctheless., there
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has M-er been sufficient data to prove or disprove this bypothesis; so the

advent of space flight invites scientific re-exinatiou of panspermia co-

cepts. o ,ver, the space flight capability, vwhch allows the re-wm -

tion of the panspermian hypothesis by makin feasible experinants for test-

ing the svr-vival of micro-.rp.nisms in space and for S..alg the actul

wmbers (if nWz) of viable organnsis in varioua parts of space., modifies the

probabilities in panspemia. For while autoigration of micro-organime

(i.e., transport of micr-or-guni• s or bioca fro the surface of me planet

to another abetted solely by natural forces) my be highly improbeble, inter-

planetary bimigratio which is in part aided by space flight Operations

my occur mAc more readily than yould be desired or planned. This intro-

duces to the problem of the determination of the probability of aUtO±ps-

tion, the detrz.Lnation of the prob•• ty of ancillary migation and the

Probability of the inadvertent trr?-sport of organisms by
artificial means, which ve might term co ta ti.

In addition to the investigation of the .of tu J ofd-

ancillary migration of * isble tii or6namiya4A . nt

potentials of ficro-oro-'. under various spa coniineeb sals

the extent to which !ce ,terili,,ation of interPlanetary instrument probes

and other space vehicles may be relied upon to prevent the inecting of

other celestial bodies, (or the infecting of the earth with aeien life by

returning probes ), and,, ether further sterilization procedures would be

vhich vmd be cbserved by instrments only fortuitously. This is because

instri m ets designed to mas.ure specific pareters have less utility in
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the detection of unknowns then organisms vhich possess ae ubiquitous

semors. The modifLeationus Indiced in m1cro-organim xposed to aetuai

space citiocs (viv-s-vis space-siatulated cco1tiocs) &s learned from

the above experimnts my also have bearing on our knovledge of biogenesis

and eolutimz.

Te essence of the conmination problem Ls that the probability of

the infe'.tion of other planetary bodies by a biopbaretic la•~et Vill be

altered if the natural forces which can move a bion frou one planet to

aner are aided at &am stage (or stages) by artificial mans*. Thus the

planetary contaumnation question is not merely how to disinfect a space

araft. It is a question basically involving the larger concept - in what

wvy does any %1wce operation undertaken by man alter the nature of owe

as a rrier or highwy for interplanetary bic ret ion governed solely

by natural forcems; and hay wy In&.- tent alterations of natural transport

processes be controlled end airimized.

The iplications of this broader context cre illustrated by ti s fact

that in having launched even satellites, the probabilities of natural inter-

planetary tIAcigration my already have been radically altered. Hibbs(6)

bas reported that the skin tperatures of the Explorer I (1958 ax) in space

ranged from -5°C to 70C, well within viability preserving liwits, and

sumprisingly that parts of the skin of the IVloer did not rise above

47'*C during the aerotremic beating phase. It is quite cocaeivble that at

the present time there are on the outer surface of the Rplorer s*me viable

orgunim. Th probability of these being freed of the saiellite and being

pro fled. by radiation preVswre, the Poyuting-Roberte:m effect, or sam

other natural force, to another celestial body my be quite remote. But
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nothelests, it ir by no means the saw probability as the probability Zor

an cwgaism to be taken by natural farces from the surface of the eaxth to

Explorer's orbit and then carried by radiation forces to other bodies.

But of mwb more significanse, space programs vitbin the not too

distanee futu•e viii plan flights of instruimented prcbes to explore the

atmospheres and surfaces o otfaer planetary bodies, such as Venus and Mrs.

These probes are potential ccntaminstor. of these planets even though land-

ings ny not be wade. And It is not so rucb from outside skins as from

aceidental crashin of unaterile probes tha+, danger U' contamination arises.

We =W ewamine the contaminatico problem by dividing it into the fol-

loving phases:

1. The proability of an organim from the earth's surface reaching

the exosphere by convection, izact transfer, etc.j

2. 7te probability of an organiin in the exoephere acquiring a hT-

parbolic orbit by radiation pressure, inpact, or same other accelerating

wChani M

3. The probability of a hyperbolic orbit leading to positions in

space favorable to the organism being svept u by another planet;

T. pe probability of capture and descent to the surface of another

plamnet; and

5. Moet basic, the probability of survival of the organism at each

stag.

Mw probability ot suceessful interpla'Usry biaigration vill be the

product of the probabilities of thes separate natural events; o, as man's

space operations exter, the prdoebility of each natural event out be re-

placed by the now probability introduced by the corresponding artificial'
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e~vent in space flight:

a) Th probability of an earth micro-or•,ism reaching another Plauet

d-phases No. 1 azr. No. 2 above are supplanted by artificial satellite

transpoxrt tku-ough the exosphere vith the micro,-=mgnim being sub~equentlY

freed from the ateLLite by nat'aral forces.

b) 'Th probability of infecting another planet by a vehicular probe

passing •ar the pLanet 4iperboliza.UY.

c) Th probability of infecting another planet by a satellite probe

eirl-•g that planet.

d) Th probability of infecting a planet vith an amspheric probe.

e) The pinobtfility of infecting a planet Vith varioUB types of vehic-

ular landing (inclu•ing an inadvwr.ent crash).

In orde to make am progress in estimting the magatuda of space

as a barie to natural binam tion and acquire an idea of Vh1t the Ower-

ponnwt probabilities my be, several expiwtsj, both laboretory and

satellte-4crne, sugest thmelves.

We wy think of three categories for such ezperiets:

1. N)xWpariit designed to a&certain the survival of nIicro-orgaziiina

aar vas•r1 astmpkeric and cpace ewditions.

2. Msrizents to determine the Pr(9Ftim Of micro-

organisms.

3. Atal sa•• les taken at varioms levels of tho awoaphere and

exogphero to d•termine the presenwe (if any) of micro-organiin. And later,

y atrqbysical propertles are meant absorption coefficients, mates,
sgies, ee. I& general, those properties hiioh vould give infOratin On
bow the ozpnim would reect to radiation presure, field , and other foroes
affecting their transport pnd ical state in space.
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samples of the atm.ospheres and soils of other celestial bodies, as suggesb-

ed by eam end Lederberg.•g. 8)

The survival studies could be conducted both In the laboratory a- d in

space. The laboatory ezperiwnts vould entail subjecting beateria, vl-

ruese, spores, seeds to space simulated conditions to determine the. our-

vival limits of orgaanim to vide ranges of intensity of various radiations

such as X-rys, 7 rays, UV, and high energy particles, the survival llmits

in tmer• ture, absence of atowsphere, noisture, etc.

The space survival tests should include the investigation of the Sur-

rival charArteristics of various ticro-orgeaisms such as bacteria, viruses,

plant spores and &eeds under actual eonditions in free s- ce. Cowart*o0

should be made at a large range cf distances from the -srth's surface to

determine vtwbtkar certain features of the space env vary in their

sterilization prup.rtles due to the effects of 'local' tM-restrial aD-

alies such as the earth's w41gntic field. Van Allea'a nevly discovered

shell of particle radiation my be an exw e of such a 3ctal effect. (9)

Comparative tests should .Piso be made inside and outside the earth's shad-

ow. In addition the survival characteristies of Licro-organism•s floating

free in space should be ccupared vith those of life form both placed on

the outside skins of satellites and placed inside of satellites. Outside

form survival chances my vary considerably. They may be shielded by

structural parts £imedded in paints of various albedoes or in other

surface aoatings, e.g., in heat-resistant orous ceralc materia•s. All

coition. vbere potentially surviving micro-organism may subsequently be

either detached and make their vy into so= planetary atmosphere or s~n"-

viv, a probe's penetration of an alien atmosphere should be scrutinized.
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The likelihood of an orgawim survivinF free in space is protebly less than

the likelihood of survival partially sheltered by the apace craft coating.

Hence if no organism survives the latter partially sheltered environeent,

it could be concluded that noe vould survive free in space. So, only, in

the event of survival of micro-rgsnsias hitchhikin on outer skins vould

it seem important to attack the experimntally more difficult problem of

survival in free apace.

T exposure of the laboratory selected micro-organi sm to spece coc-

dititme on the outside of the satellite might be accomplished by rmcving

portim• of the satellite shell and exposing to outer space previously

inoculated samples of space craft ccatings (porosities and albedoes) con-

taired in the satellite. The satllite &hell covers could be replaced

after suitabl-a expomre tim. and the exposed samples then copred with

umexposed samples retined within the satellite and with earth retained

w1lev for analysis of their respective sur-vival properties. Instrumente-

tion to copre the satellite salos and telemeter the data to earth could

perhaps be designed, but it is beat to think of this t-."e of experiaeat as

m to be carried out with a recoaerable satellite. (This, however, has

the d1madvantage that space fli&ht agenda& call for mon shots before re-

coverable satellites.) Such expo-eits would also contribute to more

aceurate knedoe of the space envirozent in that they might serve to

detect ukown ratAltionj a& other effects. Later, more sophisticated

expoewiats would study not mnly survival potentials but alteration of

orgsuimi by radiat im effects in space. It is conceivable, for example,

that the high IN intensity in space my be effective in reorganizing sme

mcroleules into a structural arrangamt haomogous to life form.
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The second type of experiment dealing with the astrcvkzyssica. pover-

ties of micro-organiý could be cooducted In the laboratory. First, mases,

sizes, shapes of selected species of bacteria, spores, seeds, ete., could

be measured. Other important physical studies which tear on interplanet.ary

b icigration could be investigated. e.g., the determinati= of the magai-

tude of electric charges which arganlms may acquire and retain, and their

behavior in electric field.j the absorption and eissiaoL properties vith

respect to varios types of radiationis, radiation pressure effects, heating

by ra atim., etc., and in gaeneral all factors which my play a role in the

interaction of organiss with physical forces such as Light pressure, fore.

fields, convection. etc., and which could be responsible for &utvigratio*

and determination of the organim's condition in space. Such data vould be

of great use to the space scientivt in theoretically deterining the proba-

bilities of transport of such organie by l-igt pressure, Poynting-

Robertson effect, and other mechan'mi across space to other celestial

bodies.

Finally, sples of the content of the uWper atotophere, and the exo-

sphere for micro-organis density will give useful data in detemining the

probabilities of escape of the relatively heavy micro-organisa from a

planat. The samling experimints vould att4Wt to obtain data on the ram-

bers and t•ypea of organisms at a range of heights in the atmosphere and to

,various distances in the exosphere. This data wld be of value in check-

ing the efficacy of natural physical forces in abetting escape of organiau

fro the earth. If organ' are found i•r easurable numbers in space, a

method of dstermining what percentage, if any, are on hnerbolic orbits

(geocentricaljlv peaking) should be derived.
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1. There is the purely physical aspect of the problem in the con-

sideration of the probabilities of inorganic p&rticle&r vith the wasaes,

sizes, etc., of micro-organims being +.ransported as described above, ad

2. There is the bio-aapect of the problem concerning survival of

m.1ro-organis•a under the various atmospheric and space conditions encoui-

tered and for the time durations involved.

With the survival, astrophysical, and sampling data, pauspermuia hy-

potheses could be re-examined and the actual dangers of contamination of

other celestial bodies by various types of space flight operations deter-

mined, and vhatev'er sterilizatiom nas•ures required beyond those affected

by space condtions themselves could be derived and implented. Guided

by knwledge of the extent of contamination probabilities, plans for the

methodical scientific exploration of other planets can be laid. For

exam~le, an interplanetary probe not landing on )hrs but merely grazing

the upper atmosphere, or an artificial satelliti of Mars or Venus might

then be laumched, knoving vhat risk of contaminating the planet itself

exists, and the opportunities of obtaining iortant data tovard ansvering

fuzdawntal questions in biogenesis and organic evolution need not be

destrofed.

In viev of the scientific gains by contamination avoidance, as dev-

cribed by Dr. Leerberg- (8) both in the question of neo-biotic¢ synthesis

of large molecules and in testing the validity of the pewspermia hypothesis;

and in viev of the fact as we were told by Dr. D(10) that lunar probes

feo-biotic is defined as lead to the formation of biologically
ca-tive states.
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have been autibori•ed and vill be launched in a matter of months, the con-

tamination question assume# rather a high priority.

In a research program such as sketched here, the early collaboration

of biologists with other scientists and engineers working on spaee flight

problem vould be highly desirable.
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